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Example:

Find the rest mass, rest energy, mass, and energy of a 100 pm photon

my=0,

E = hv = he/A =1.99x10-15 J

m=E/c?=221x1032 kg ,

Note that (m,/ 1 h0n=100 pm) = 40 )

p =hv/ic=h/A
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Example
Calculate the deBroglie wavelength associated with the following.

a) A golf ball of mass 50 g moving with a velocity of 20 m/sec.
b) A proton moving with a velocity of 2200 m/sec.
c) An electron moving with a kinetic energy of 10 eV.

a}  According to deBroglic's hypothesis
h_ k

L L
p m
_ 6625 x 107* joule-sec
0,05 kg = 20 m/sec

6.625 x 10- 34 oule-sec’
kg-m

= 6.625 x 107 m,

which is too small to be detected.
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b} The mass of a proton is 1.67 = 10-27 kg, Therefore the deBroglic wavelength of a

proton is
] h

A = = =

P mr

6,625 = 10-™ joule-sec
1.67 x 10727 kg = 2200 mfsec
1.91 = 107" m = 1.9] A.

This wavelength is of the order of x-ray wavelengths, MNote that we have used the non-
relativistic expression for momentum because, for this velocity, the kinetic energy is
much smaller than the restsmass energy of the proton.

<) For an electron of kinetic energy 10 eV, we can still use classical mechanics because
10e¥ is much less than 510 keV, the rest mass of the electron. Thus K = dme® = p?f2m,

or p = v 2mK, From deBroglie’s hypothesis,
h

Lo

A =

LN
py
=

y
But K = 10¢V. Therefore
e 6625 x 107 joule-sec
N2 = 1073 kgh(10 eVI(1.602 « 107 % joulefeV)
=39 = 107" m= 394,

If the kinetic energy of the electron becomes comparable 10 its rest mass, we must use the
relativistic expression for momentum,
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Wave pulse Particle

W_. vy =0/ ok ® — v

Matter wave:

v=E/h
A =h/p

(de Broglie, 1924)
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